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NATIONAL ADVISORY COMMITIEE FOR AERONAUTICS

TECHENICAL MEMORAKDUM NO. 393

- STALL PROOF AIRPLANES*
By G. Lachmann.

Economy and safety are closely releted viewpoints for_air
traffic, since an increasing confidence in the reliability of
airplanes will find expression in their increesed use by the
public. Just during the past‘year weé have had to record an
alamming number of stalls (not only of sport plenes but also of
1afge oommercial éirplanes), which are nqt calculated to increase
the confidence of the public in the safety of flight, notwith-
standing all the statistical proofs of the relatively equal
safety (or lack of safety) of railway and air traffic.

Geﬁerally speakingy the blame for a stall 1s ascribed in
the newspaper reports to the failure of the englne. It is
reasonable to expect a diminution of such accidents through the in-
creased use of multi-engined airplanes. Therein,vhowever, lies
a certain acquiescenée, the admission of an inherent danger in an
airplane from the failure of the source of pdwer. “fe use of ad~
ditional engineg avoilds this danger, but doeé not entirely remove
the evil.

My lecture, therefore, has to do with the following quéstions.

Is the danger of stalling necessarily inherent in the airplane in

"its present form and structure, or can it be diminished or elimi-

*Mapsturzsichere Flugzeuge " a lecture delivered before the W.G.L.
at Munich, Germany, in September, 1925. From Yeafbook of the
W.G.L. for 1925 ("Berichte und Abhandlungen der W.G.L." May, 1936,
pp. 86-90.)
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natecd by sultable means? Do we possess such means or devices and
how must thev operate? In this comnection I Will devote épmcial
atTentlon to the exhibltlon of stall proo‘F a¢r0¢anps by Fokker
under the auspices of the English Air Ministry, which took place

in Croydon last April.
‘Stalling, as Regarded from the Standpoint of Filying

Contrary to most, not to say all, other kinds of motion,

flying begins to be dangerous when the'Speed decreascs. . Accelera-

-tions, which ozcur in steep gliding flight or in nose dives, are

geheraliy 1ess.dangerous than reductions in speed, as, for exam-

plé, in flattenlng out of a dive or in so-ocalled stalled flight.
| How does a typloal alrplane stall. occur? .Acgoru;ng TO my

own very clear_remembrance_qf a stal; elght_years‘ago,_the_proc—

ess 1s somewhat as follows. Shortly after the airplane takes off,

~ the engine begins to slow down and then to misfire. The pilot

sees the edge of the aviation field immediately in front of him.
At the best, 1t is the question of a bad landing place, vegctable
gaiden or the like. At the worst, there are houses, barns, etc.
In most cases, end in spite of all instructions and warninges to
the contrary, the pilot usually makes the famous (or rather,‘

infamous)'"disﬁress" curve, in order to get back over the field.

A better-way, in-such cases, is to fly-straight ahead and take

one's chances with pancaking or sideslipping into a garden. In

the curve, he»feels the pressure leaving the controls, and the -
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ailrplane begins td sink and sideslip. If he attempts to right

the airplane out of its tilted position, he notices that it does

not resvond to the ailerons and, instead of coming out of the

s S

curVe, begins to turn more strongly about the inner wing., Final-

1y, the airplane goes over the wing on to its nose and begins to

spin or plunges vertically down. The altitude at the disposal

of the pilot is seldom sufficient 4o enable the airplane to

flatten out and in most instances the C&t&strOphe.iS gealed by
: strikingAthe ground. |

Crashes from high altitudes are relati#el& rare.. They are
generally due to the pilot's losing his head or to his lack of
éxperienoe with the spin (a fault in his training), inability to
brihg the airplane out of the spin through the operation of the

i controls (a structural defect through unfavorable distribution

{ of the weight, which is typlcal for most low-wing monoplanes)

too small tail surfaces, or fallure of some part in the alr,.frome

féulty'oonstruotion due to defects in the materials, errors in
assembling'or in computation, faulfy inspection, intervention of
the elements. All of the causes, with the exceptioﬁ of the last,
are avoldable and not inherent in the present form of the éir—
plane.. Gonéiderable progress has therefore been made when it

is found p0831ble to malntain the efflcacy of the steering con-

trols even in greatly retarded fllght so as to avoild undesired
motions of the ailrplane.

*
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Aerodynamic Relations in Flight at Large Angles of Attack

~ Notwithstanding the danger of repeating much that is parti-
ally known to you, I consider if expedient to explain briefly
the phenomena of flow about a wing at 1arge angles of attack.
It is known that the 1ift of a wing increases approximately as -
the angﬂe of attack only up to a certain point, the 1ift curve
attaining its maximum at 15—18 (Fig. 1). Any further increase

in the angle of attack causes a separation of the flow from the

| top of the wing. At this point the 1ift decreases and the slope

dc :
3 QF becomes negative. The angle of attack

of the 1lift cuzrve
at which this ocours is called the critical angle of attack and

the point itself is termed the burble vroint or stalling point.

i} The separation or detachment of the air flow begins in the middle

°of the wing span, where the aerodynamic angle of attack is the
greatest, due to the distribution .of the iift not being exactly

elliptical, and graduaily-spreads to the wing tips. There is a

1imited ang1e~of-attackvrange, within which ‘the flow at the wing

tips is still "healthy,".effe: it has already separated in the
middle.
Figs. 3-3, ‘which are-ﬁhotographs of some of my eaflier ex—

periments in the thtingen laboratory, very C1eafiy illustrate:

. this phenomenon. . The wing section or profile, from which the

flow is detached, -was in the middle of the wing, while the other
profile was in the "healthy" or normal flow at the wing tip.

The geometrical angle -of attack was the same in both cases. It
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is ﬂoteworthy'that the trével of'the center of pressure; after
" the -separation, is in the- dlrentlon of St&blllty, that is, any
- further increase of ‘the angle of attack develops a nose-heavy
ﬁoment.

 These flow phenomena are closely connected with a certain
form 6f motidn'termed the "autorotation" of the wing, ‘which can
either be produced artifibially in a wind tunnel or’Observed in
a sﬁiﬁ'in-aotual £11ght.

i We will imagine a wing so mounted thaf'it can rotate about
‘an axis which is parallel to the wind direction (Fig. 4). Any
impulse which brings the wing into the direction of the dotted
line, produces on the left a downward and on the right an upward
‘flbw componént. The resultant flow vector is thereby inclined
downward at the left wing tip, i.e., the angle of attack is di-
minished, while at the right wing tip the angle of attack is
cdrrespondingiy increased. ©So long as we are in the region below
the critical angle of attack, a stabilizing or réstbring moment
is developed, which tends to return the wing to its original po-
sition. If the critical angle of attack‘is exceeded, a moment
‘is developed in the same direction as thé impulse which produces
the abovementioned ‘autorotation.

The oonnectlon between the angle of attack and the peripher*

fal velocity of the autorotatlion is very clearly shown by the ex—
perimental results represented in Fig. 5, which were obtained in

" s . Lo :
the CGottingen laboratory and which were very kindly placed at nmy
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posal. Fig. 6 shows the position of the biplane model, with

an axis of rotation passing through its center of gravity. Fig.

Eias

5 shows that, only after the criticel angle of attack 1s exceeded,
a rotation sets in, whose peripheral velocity increases with in-

| creasing angle of attack.

The connection between autorotation and angle of attack is

explained by the fact that spinning and related motions (rolling)

are possible only in the region above the critiqal anglé 6f attack
-of the wing. Spinning and autorotation are impossible, however,
evehvin,stalled flight, when a warping moment is successfully
exerted against the direction of the autorotation.
According to Hopf, another possibility consists in balanc—
ing the. inertia moments of an airplane about its lateral axis.

Hereby disappears the tail-heavy gyroscopic moment otherwise de-

f veloped in spinning and which balances the nose-heavy moment de-

veloped at large angles of attack.

The equilibrium conditions for stalled flight have been the

oretically elucidated by the fundamental researches of Hopf in

3 Germany and Bairstow in England. Unfortunately, we have hither—
to negleoted.in Germany to investigate experimentally, hand in
hand with theoretical research, these phenomena_which are so

extremely important for the safety of airplanes. In Anglo-Saxon

countries, especially in England, the problem of control at low

speed has long been_{?ﬁgqg tHe pﬁihqﬁ@g@i%ﬁ@ﬁects of practical

it

[N - Cme gy q

research.
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Lotion of Eievasor in Region above Critical Angle of Attack

For the elevator, the thecretical investigation, in agrecment
with practical ezperience, gave the foilowing results. In
stalled flight the elevator changes the angle of attack in the
normal direction, i.e;, pulling the control stick increases, and
pushing decreases it. Increasing the angle of attack, however,
decreases the speed and increases the inclination of the flight
path, thus producing the opposite to the desired effect.

As regards the rudder, it may be said that it loses its ef-
feCtiveness, partly through the decrease in the dynamic pressure
and partly through the increase of the moments about the vertical
axis of the airplane. At large angles of attack, the rudder is
fi‘ also often shielded by the fuselage and is affected by the bound-
ary.layers of air released from the wings and fuselage.

The ailerons have a decisive effect on the stability in
stalled flight, but their action can not be explained by purely
analytical reasoning. Previous researches of a theoretical na-
ture therefore shed very little light on thie subject. The fol-
lowing explanatien of the action.of‘the ailerons in stalled
‘fIight_is based on‘a series of wind-tunnel experiments made in
Engiand. |

-Every alleron deflection causes a rotation about two axes

perpendicular te each other, a rolling motion about the longitud-

inal axis and & yawing motion about the vertical axis of the air-

'~ plane. The rolling moment is proportional to the respective
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1ift increase or Gecrease on the side of the lowered or raised

! aileron. The effect of the lowered aileron, however, is annulled

. a e, . N '
or reversed, as soon as = —— Dscomes negative, that is, when

a a
the region above the critical angle of attack is reached. Hence
the rolling moment is greatly diminished in stalled flight and,
under‘certain conditions, acts in the opposite directibn'of rota—
tion.

‘The rolling moment, developed by every deflection of the
ailerons, simultaneously develops a yawing moment, which is al-
ways opposed to the desired direction of turning. This fact was
established by the Wright Brothers on their first airplanes and
l1ed to the well-known coupling of the aileron and rudder controls.

The cause of this moment, at small angles, is chiefly the
increase in the induced drag on the raised wing side. At large
angles of attack and above the critical angie, this moment is due
to the disproportionately great increasc in the prefile-drag
caused by the development of the bounda:y layer and tﬁe detach-
ment of the flow on the depressed aileron. According to wind-
tunnei tests,’which were confirmed by practical ekperiments by
Melville Jones in Eﬁgland, the opposing moment of yaw can; in
stalled flight, assume high values and far overbalance the effect
of ordinary rudders. A partiai remedy has been supplied by De-
‘HaViliaﬁd{é”difféféﬁ%iéi steering controls and by the Bristol

"Frise" aileron-balancing device.
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Means for Retaining Steering Control in Stalled Flight

‘When we succeed in maintaining'the'effeét of the steering
contrdls, especially of the aileron controls, in stalled_flight,
the latter will lose much of its danger‘and the cause of 90%

- of all airplanefcraShes will be 1arge1? eliminated.

The method suocessfully employed by Fokkerlon_the F,VIIl

: depends simply on‘a skillful ﬁtilizatibn of the éEerynamic prop-
| erties of normal wings without addifi#e devioes. .The wing sec—
;'tion or profile is so shaped'that the 1ift'curve shoWs a flat

; descent in the region above the critical angle. Thereby the

?f disastrous effect of stalled flight and the inception of auto-
’J‘rotation is largely avoided. Aerodynamic engineers know how

i suon profiles must be shaped (see also Fig. 1).

The effect of the ailerons at large anglés of attack, or

| large inclinations of the airplahe axis, is increased by the de-
‘5 crease in the angle of attack toward the wing tips. The wing

1J tips arTe therefore made narrower than the middie_of_the wing.
‘This is due-to the fact that, Decause of the trabe_zoidal shape
;i of the wing, the rolling moment of the ailerons decreases less

% at large angles of attack than with rectangular ﬁings.v (In this
c omection, see N.A.C.A* Technical Report No.. 1_69, 1923, "The
Effect of Airfoil Thickness and Plan Form on Lat .e_i'.ail Go;itrol, "
_ :,- by H. I. Hoot.) | | .

The,essential'point of the problem, the retention of lateral
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stability, can not, however, be decisively affected by this

means alone. In fact, on the Fokker F VII airplanes, stalled
flight is simply developed and every curve is avoided. 4 consid-
erable improvément in this direction is effected by using a device
which brings the slot effect to the aid of the aileron effect.

An airplane of this kind was exhibited at Croydon and surprised
the skeptics by its remarkable performances and especially, by
the fact that Bulman described cﬁrves in completely stalled
flight, without sideslipping and going into a spin in the well-
known manner.

I will endeavor to explain the principle of this device,
ﬁithout claiming 1t to be the only solution. It has, however,..
given the best.results vet obtained and its application offers
no structural difficulties.

The peculiarity of the.slot effect consists in the fact
that the region below.the critical angle of attack is nearly
doubled, whereby the profile drag is simultaneously decreased by
delaying the separation.. A simple auxiliary airfoil (a bent
sheet of duralumin) is hinged to the leading edge of the wing
and connected with the ailerbn in such a. way that, when the lat-
ter is depressed, a slot is formed in front,.while the auxiliary
airfoil is not actuated when the aileron is raised.-

- ?he.airLf}QW thg§Hp;9du9eq pgst“the ailerons is diagrammat-

ically illustrated by Fig. 7.. When the aileron is depressed, a

normal flow is developed with the aid of the slot, i.e.,. increas

ing 1ift with small drag, while, on the other side, the flow re-

3



N.A.C-4r Technical Memorandum No. 393 11

mains separated, with small 1ift and large drag. In this way

- a very powerful rolling moment and a very small or negative vaw-—

ing moment is developed, that‘is, a moment turning in the same
direction as the rolling moment. The device works on the prin--
ciple of utilizing the separation itself for the control.

A similar principle is followed in the simple slotted~wing
aileron, in which there is a wedge-shaped slot between the wing
and the aileron. BSuch ailérons have been vexy sudcessfully“used
in Germany on the Heinkel airplanes. Of course the effect of the
letted—wing ailerons can be considerably increased by the above-
mentioned combination with the auxiliary wing.

. This device has been the subject of a long series of wind—
tunnel tests in England, which were performed in the National
Physics Laboratory: under the direction of the Aeronautical Re-
search Committee (British).

. The experiments were all performed on a thin wing (R.A.Fi15 -
or Avro profile).' The aileron had no slot, but was balanced in
many of the experiments after the manner of the Bristol ailer-

ons. The dimensions of the model were: chord, 6.42 inches;

‘span, 35.34inches; aspect ratio, 5.55. The index value was ac—

cordingly 3000 at a velocity of 59.7 feet per second. I recalcu-

1ated the Enngsh coefflclents accordlng to the German standard

and obtalned

o My M.
nr - p?* £t q Fbag

* Reports and Mcmoranda No. 910 (1925) "Siot Control on an Avro
with Standard ﬁnd Balanced Ajlerons," by F. B. Bradfield.




~with increasing width of slot and even attains negative values
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for the rolling moment and

_ Mg _ Mg
nE  p® 4 q- Fbag

for the yawing moment.

'IFig;‘S-shOWS the rolling moment as a function of the angle
of attack at +10° aileron déflection. The curves for the stand-
ard ailerons alone and for ailerons'in combination with an auxil-
iary airfoil are both plotted in this figure. For the latter, the
so0lid lines indicate the courses of the moments at the best
width of slot, while the dashed curves are for slot widths of
1.85 mm (0.085 in.) and 3.3 mm (0.13 in.), respective1y. The
diagram clearly shows how the slot affects the moment below én

angle of attack of 10°. At 35° the coefficient of the combina-

" tion is about six times as lorge as for standard ailerons alone.

Fig. 9 gives the same relations for aileron deflections of +30°.
Fig. 10, which was derived frcm one of the last experiments,
gives the yawing moment as a function of the rolling moment for
various slot widths (s) and angles of attack. This diagram
shows very clearly how the yawing moment appreciably decreases - i
| |
|
under some conditions. On the basis of this experimental result,

it would therefore be possible to describe a curve with the cor-

rect obliquity, by the actien of the ailerons alone, without

using the rudder. ‘In fact, this was done by Bulman at the Croy-

don exhibition.
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Postscript on Going to Press

It was plenneﬁ to exhibit the device, at the close of the
sessioﬁ on a Udet "Flamingo," but uhfortunately the airplane
was not flnlshed in time. It may thefefore be of interesf fo
quote from the report of the tests made in England on an Avro
alrplane

Full Scale Flying Experience

"The medpl results seem to be completely substantiated by the
performance of the full scale airplane. The Avro can be glided

stalled and with the feet removed from the rudder bar, rocked

~ from side to side by the ailerons without any appreciable yawing.
If when gliding stalled, the left rudder, say, is applied, a2 turn

to the left develops, and the airplane immediately drops the left

wing; rapid application of right stick quickly raises this Wing
again to the horlzontal ~and centrallzatlon of the ailerons and
rudder results in a return to the steady, stralght stalled gllde.
If the'allerons are only applled very slowly, the left wing can

not be completeiy 1ifted, and the airplane does a slow, flat,

‘left-hand turn, with about 15° to 20° bank. When, gliding

stalled as before full left rudder and rlght stick are applled |
31mu1taneously, the airplane first banks to the rlght out, as
the rudder comes into aotlon, it slowly sw1ngs over to the left,

and takes up the same flat spiral meitioned above. A'proper

 * Aeronautical Research Committee (Brifieh), Reports and Memo-

randa No. 968, March, 1935.




NeA-C.As Technical Memorandum No. 393 14

épin céﬁ>on1y béﬂindﬁééd‘by‘using full ruddei and full aileron

in the same sense, and the airplane can be brought on to an even
keel again by rapid reversal of the ailerons, even though the
rudder is kept full on and the stick hard back; centralization of
the rudder.and ailerons at this moment again results in a return
to the straight stalled glide. With full engine the rudder is,
of course, relatively more powerful, and mdre time is_required to
pull up the dropped wing against the ruddei; it can,‘however,
'>eventua11y be pulled right over into a sideslip in the contrary

direction after about 180° turn.
Concluéion

"There is no doubt that this form of lateral control has
greatly increased the safety of flight in the region of the stall.
It is guite likely that it could with advantage be applied to
fighting airplanes, as the ability to start a turn rapidly and to -
maintain lateral control when stalled With\full engine, on a turn
of minimum radius, is of very great imporfance.

"Both model and full scale experiments were made to see

. whether the drag of theAairplane had been increased by the some-

wwha£~drastic alterations in the shape. of the wings in the region
of the ailerons. On the model the increase in drag coefficient
was about 0.001, and on the full scale czirplane was too small to
be detected." |

Translation by Dwight M. Miner,,
National Advisory Committee for Aeronautics..
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